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Radiation curable macromonomer printing Inks. 



Radiation curable Inlcs providing high print quality and 
durable low shrinicage Ink films are prepared by dissolving In a 
reactive diluent a solid themrK^lastic macromonomer of the 
formula R4Z4-nX where R is a hydrocarbon group containing up 
to about 20 carlKm atoms, Z is a vinyl aromatic monomer, n 
is a positive integer such that the number average molecular 
weight of -fZI^ is about 2,000-50,000 and X is a polymeriz- 
able ethylenlcally unsaturated end group, and adding a color- 
ant and, if required, a radiation responsive free radial initiator. 
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This application is related to a concurrently 
filed application of Stuart Kerr III and Stephen J. 
Kavcak entitled "Radiation Curable Macromonomer Composi** 
tions and Products" • 
BACKGROUND OF THE INVENTION 

This invention relates to radiation curable 
printing inks and to printing processes involving the use 
of such inks^ 

Printing inks require careful formulation to 
satisfy, in a cost effective manner^ industrial needs and 
environmental concerns. Industrial needs include high 
color quality and reproducibility, durability , fomulatipn 
ease, storage life, printing convenience, acceptable drying 
or cure rate, and a host of factors related, to the print 
quality desired* At least four categories of inks have 
been developed to fulfill such needs. These are organic 
solvent-based . inks , sol ventless oil-based inks, waters, 
based inks and radiation-curable inks. The first three 
types rely on heat, and/or evaporation for drying or cure, 
and therefore require careful temperature control and 
costly drying equipment, and introduce environmental 
problems such as the polluting effects of solvents. 

Radiation curable inks originated primarily 
as faster curing and more convenient alternatives for the 
traditional types but deyelojanent has been spurred by 
environmental legislation directed towards the polluting 
effects of the solvents or other components of the inks. 
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Chemically, these inks comprise three types* The first is 
thiolene chemistry, in which a thiyl radical is photogener- 
ated and adds to the double bond in the polyene. Although 
these systems cure rapidly, they suffer from odor problems 
from the sulfur compounds involved* In the second type, 
aryl diazonium salts admixed with epoxy resins liberate 
Lewis acids which then are photolyzed to cure the resins* 
The cure is extremely fast and lis not inhibited by oxygen. 
However, the salts and acids formed are highly corrosive 
10 and therefore introduce handling problems* 

Acrylate chemistry has largely supplemented the 
first two types of radiation curable inks because it 
provides the best compromise between high cure rate, low 
odor, good storage stability, and reasonable cost* 
Typically, acrylate-type radiation curable inks are disper- 
sions of a pigment in a vehicle comprising photoiaitlatorsF 
oligomers or prepolymers, and special additives in a 
liquid, radiation polymerizable monomer (also known as a 
. ^reactive diluent*) • The oligomers or prepolymers contri- 
20 bate viscosity, tack, pigment wetting properties, flexibiX** 
ity, adhesiveness, gloss, hardness and chemical resistance, 
and generally are epoxy acrylates, polyester acrylates or 
ure thane acrylates. The reactive diluents contribute to 
the same properties but especially to viscosity control 
during application and to crosslink density upon cure* 

Mvertheless , as in radiation curing generally r 
radiation curable acrylate-type inks introduce their own 
problems* These include control of viscosity and flow, 
storage stability, suitable curing rate, safeguards against 
30 toxic compon nts, inhibition of curing by air contact, and 
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require careful attention to formulation of the inks if the 
advantages of radiation curing are to be realized. 

Various systems have been developed based on aery- 
late chemistry. For example, U.S. patent 4,221,686 to 
Sakiyama et al discloses as a radiation curable ink vehicle 
a reactive mixture o£ (I) a carboxylic acid/polyisocyanate 
reaction product and (II) a carboxylic acid/epoxy reaction 
product, wherein at least one of I and II contains an 
unsaturated monobasic acid residue. The mixture is said to 
disperse pigments well, is useful without large amounts of 
organic solvent, and cured polymeric inks made therefrom 
are washable with hydrocarbon solvents. Nevertheless, th 
composition is complex and, as will become apparent from 
the description of the present invention, lacks the primary 
polymeric component of the inks of the invention. 

U*S. Patent 4,163,809 McGinniss et al, discloses 
a radiation curable coating composition for metals compris- 
ing a mixture of an ethylenically unsaturated polymerizable 
binder vehicle, a pigment, 0-10% by weight of a photoiniti- 
ator and a high Tg (glass transition temperature) solid 
linear polymet containing a pendant reactive double bond. 
The high Tg polymer is solubilized in the polymerizable 
material, has a molecular weight of about 1,000--50,000 and 
is said to enhance t hie adhesive properties of the composi- 
tion. However, no utility such as inks is mentioned. 
Moreover, the high Tg polymers of McGinniss et al are 
produced from copolymerizable monomers by peroxy or azo 
catalyzed addition polymerization. In contrast, the 
macromolecuiar monomers of the present invention are pre- 



H 0187045 

pared by anionic polymerization of a vinyl aromatic 
monomer to form a ^living" polymer/ capping of the polymer 
and then terminating by reaction with a material which adds 
a polymerizable double bond. Henc&# the high Tg polymers 
of McGinness et al and the macromolecular monomers of the 
present invention are essentially dissimilar. 

SaMMARY OP THE INVENTION 

It has now been found that certain macromolecular 
monomers (hereinafter sometimes called "macromonomers" } # 
when dissolved in a liquid reactive diluent to which a 
colorant is added » provide non-»aqueous radiation curable 
inks which require no inert solvent component and there* 
fore can be 100% convertible to resin solids* This 
eliminates or minimises several substantial problems of 
conventional curing r namely* toxicity and/or pollution due 
to inert solvent # while simultaneously lowering process 
cost due to the absence of the solvent. In addition ^ 
most of the mass of the macromonomer component is a 

■ 

nontoxic vinyl aromatic such as polymerised styrene, thus 
further reducing the risk of toxicity* Still further # the 
macrcHBonomer component is a thermoplastic material r the 
thermoplastic ity o£ which may be moderated as desired by 
including r as a portion of the reactive diluent, one or 
more poly functional compounds for cross-linkng to a desired 
degree the macromonomer chains formed as a result of the 
radiation curing. 

By selection of the components with respect to 
viscosity, molecular weight, crosslinkability and other 
properties, radiation curable inks can be formulated having 
the desired combination of thermosetting properties. 
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adhesiveness # colorant dispersability , viscosity # print- 
ability onto heat sensitive substrates « storage stability^ 
color reproducibility and other processing properties^ as 
well as hardness, durability and ^loss, of the cured inks. 
Moreover, because the inks do not require organic solvents, 
they are rapidly cured to 100% resin solids and the expense 
of thermal driers is eliminated. Outstanding properties of 
the inks include the ability of the macromcnomer component 
to assist in the dispersion of the colorant and to lower the 
10 overall shrinkage of the ink films produced by radiation 
curing. These properties are believed attributable to th 
large mass of vinyl aromatic in the macromonomer. 

Briefly, the radiation curable inks of the inven-* 
tion are solutions of thermoplastic macromonomer and a 
colorant in a free radical polymerisable reactive diluent. 
The macromonomer is based upon a vinyl aromatic monomer, 
such as styrene, haying a molecular weight (number average) 
of about 2,000 to about 5.0,000, and has a polymerizable 
ethylenically unsaturated end group. The macromonomer thus 

20 has the thermoplastic properties generally characteristic 
of a vinyl aromatic polymer but is capable of copolymeri- 
zing with other, lower molecular weight, monomers to form 
thermoplastic or thermoset products depending on the func- 
tionality of the compnomers. 

In another aspect of the invention, one or more 
additives are blende^ into the solution of macromonomer, 
reactive diluent, and colorant of ten with a resultant unex-* 
pected order of enhancement, in the radiation cured inks, 
of prop rti s attributable to the additives. 

30 In still another aspect, a method of printing is 
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provided in which the foregoing radiation curable inks are 
applied to an ink receptive substrate to provide desired 
coloration and/or indicia « the inks then being subject d 
to actinic radiation in order to cure the inks to a hard, 
durable r high quality print. 

DETAILED DESCRIPTION 

The radiation curable inks of the inven** 
tlon are mixtures of the following major components, 
wherein the amounts are based on total compositions 

(A) about 5-80% by weight of a thermoplastic 
macromonomer of the formula : 

wherein R is a hydrocarbon or alkoxyl group 
containing up to about 20 carbon atoms, Z is 
a vinyl aromatic monomer., such as styr ne 
alpha-methylstyrene , nuclear-*methylstyren , 
indene and p-tert*butylstyrene , n is a posi^* 
tive Integer such tliat the number average 
molecular weight of -f^^^ is about 2,000-50,000, 
and X is a polymer i sable ethylenically 
unsaturated end group 1 
(B> about 20-*95t by weight of a free radical poly^ 
merixable reactive diluent or vehicle which 
copolymerises with and initially also solu- 
bilizes macromonomer :A); 

(C) 0 to about 20t by weight of a radiation 
responsive free radical initiator; and 

(D) an effective amount of a colorant, e.g«, 
about 1-50% by weight. 
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Preferably, the amount of macromonomer (A) Is 
about 10-50% by weight, the amount of reactive diluent (B) 
is about 50**90% by weight, the amount of the free radical 
initiator (C) is 0 to about 20% by weight and the amount of 
colorant (D) is 10 to about 30% by weight, based on total 
composition. The more preferred compositions for curing 
by lower energy radiation such as ultraviolet light will 
contain about 5-15% by might of a photoinitiator (C) and 
other additives as desired, for improved rheology, tack 

10 reduction and other properties. Within the fore- 
going ranges considerable variation is possible, depending 
on the character and amounts of the individual components, 
the desired curing rate, the contribution to final proper- 
ties desired from the additives, and other considerations 
apparent to the skilled practitioner. 

Hacromonomer component (A) is a solid, thermoplas- 
tic material and is described together with synthesis in 
U.S. Patent 3,786,116 - Milkovich and Chiang, hereinafter 
sometimes referred to as the "Milkovich Patent". However, 

20 it is believed that macromonomers useful in the present 

invention may have molecular weights lower than the 5,000 
molecular weight lower limit described in the Milkovich 
patent and may have a molecular weight distribution (also 
known as "polydispersity'^ , M^/Mn) greater than the 1.1 
upper limit described in the Milkovich patent* Thus the 
molecular weight (number average) of the macromonomers of 
the present invention attributable to the vinyl aromatic 
portion of the monomer may range from about 2,000 to about 
50,000, preferably from about 3,000 to about 30,000, and 

> 

30 the molecular weight distribution may range up to about 3 

- 7 - 
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or more ^ the preferabte upper limit being about 2. Blends 
of the macromonoraers Way also be used to provide desired 
ranges of properties. For example, combinations of lower 
molecular weight materials with higher molecular materials 
may provide a range of crystallinity and/or thermoplasticity 
or cMipatibility with additives, not otherwise easily 
attained analogous to polymer alloys. 

In the macromonomer formula MrZ^xi ^ poly- 
meriaable end group (X> itself may be oligomeric or poly- 
meric r or may be a straight or branched-chain groupf alipha- 
tic or aromatic, and may contain one or more oxygen atoms* 
Generally f X may contain up to about 250 carbon atoms. 
Prefered structures of X are the following: 

0 

« 

(-R«-0)-y C-C « CH2 

i 

R" 

(-R»-0)-y C • CH2 

R» 

(-CpHap)- C - CH2 

R» 

0 

-CH2C (C6H5)2 CH2-C-O-CH « CH2 
-CH2CgH4 CH « CB2 and 

O O 

m m 

-CH2CH20-C-CH » CH^C-OH 
Wherein is phenylethylene or Cj/fl^, m is 2, 3 or 4, p is 
a positive integer of from 2 to 8* y is a positive integer 
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of from 1 to SO r and R" is hydrog n or lower alkyl (C]^-C3)* 
Most preferably X is the residue of the reaction of an 
ethylene oxide group with acryloyl chloride or methacryloyl 

chloride and is thus defined by the structure 

O 
» 

-CH2CH2OCC a CH2 where R**. is hydrogen or methyl. 

I 

R" 

Prom the standpoint of economical synthesis and 
\rersatllity of application the most preferred macromonomer . 
is RfZ^n^ wherein R is lower alkyl (preferably 4 to 8 
carbon atoms), z Is phenylethylene and X is 
0 

m 

-CH2CH2OCC « CH2 where R" is hydrogen or methyl. 

I 

R" 

Reactive diluent component (B) comprises one or 
more free radical polymerizable# radiation curable, 
substantially non-volatile, liquid monomers or oligomers of 
up to about 2000 molecular weight of which at least 10% by 
weight (of the total of 20*95 1 by weight) are polyethyleni- 
cally unsaturated materials, the balance (if any) being 
monoethylenically unsaturated materials. The presence of 
the polyethylenically unsaturated materials introduces a 
higher degree of thermosetting properties manifested by 
higher crosslinking density in the radiation cured inks 
than would normally be acceptable If the compositions were 
used as coatings or adhesives. However, in inks the resul-** 
ting thermosetting properties are desirable for faster 
cure , chemical and stain resistance , higher Tg , heat and 

m 

m 

degradation resistatic , and other properties. Th polyun- 
saturated material therefore may c mpris a major proper- 
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tion of the reactive diluent or all of the diluent* 

Representative radiation polymer izable monoeth** 
ylenically unsaturated liquids are vinyl monomers 
such as the lower alkyl esters of acrylic or methacrylic 
acid including methyl methacrylate, ethyl acrylate, 
2'-ethylhexyl acrylate, butyl acrylate and isobutyl methacry- 
late; the corresponding hydroxyl acrylates and methacrylates 
such as hydroxyethyl acrylate and hydroxypropyl acrylate; 
vinyl esters such as vinyl acetate and vinyl propionate; 
10 vinyl halides such as vinyl chloride and vinylidene 

chloride I and particularly high solvency monomers such as 
2f 2-^thoxyethoxyethyl acrylate, tetrahydrof urf uryl acrylate, 
n-lauryl acrylate, 2-phenoxyethyl acrylate, glycidyl acry- 
late, glycidyl methacrylate, isodecyl acrylate, isooctyl 
acrylate« and the like* Other monoethylenically unsaturated 
reactive diluents Include vinyl aromatics such as styrene# 

4 

alpha-methylstyrene, vinyl toluene, indene and p-^tert- 
butyl styrene; ethylenically unsaturated acids such as 
£uaiarlc acid or maleic anhydride and the esters thereof; 
20 and nitrogen containing monomers such as acrylonitrile, 
methacrylonitrlle, acrylamide, me thacryl amide , 
N,N*»dimethacrylamide, N-vinylpyrrolidine, N~vinylcaprolac- 
tarn, and the like* As a general rule, the foregoing mono-» 
unsaturated monomers will have lower Tg (as homopolymer) 
than the macromonomer and are good viscosity reducers , but 
in some cases are not as reactive as the polyunsaturated 
monomers • 

The polyethylenically unsaturated reactive 
diluents Include polyol polyacrylates and polymethacrylates, 
30 such as alkan (C2'-Cxg> diol diacrylat s, aliphatic 

- 10 - 
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(C2*Cj^g) polyacrylates, alkoxylated aliphatic polyacrylates 

such as described in U«S* Patent 4, 382, 135 # polyether 
glycol diacrylates and the like. Typical of the foregoing 
are lf6-hexanediol diacrylates neopentyl glycol diacrylate, 
1,3-butylene glcyol diacrylate, tripropylene glycol 
diacrylate, polyethylene glycol 200 diacrylate and tetra- 
ethylene glycol diacrylate. Other polyunsaturated reactive 
diluents are allyl acrylates such as allylmethacrylate and 
diallylmethacrylate; acrylated epoxies, aminoplast acrylates 
and unsaturated polyesters} trimethylol propane based poly- 
acrylates such as trimethylolpropane triacrylate? the 
pentaerythritol-based polyacrylates or polymethacrylates 
described in U.S. Patent 4 f 399,192; acrylic oligomers; 
acrylated polymer or oil such as acrylated epoxidized 
drying-type oils, acrylated bisphenol Vepoxy resins, 
ethoxylated bisphenol A diacrylate, acrylated urethane 
prepolymers (also known as "acrylated polyurethanes" } , 
polyethers, silicones, and the like. 

• - . ' • ■ 

The reactive diluents are conventionally sold 
with a free radical polymerization inhibitor content ranging 
from about 25 to 2000 ppm. Of course, if the reactive 

diluents are produced at the site of radiation curing, 

• . . . • ' • '■ ■ • . . 

little or no inhibitor need be present in the diluents. 

The foregoing and other reactive diluents (and 

inhibitors if used) are widely known and are described in 

the patent and other literature, such as component (1) of 

U.S. Patent 3,368,900, component (2) of U.S. Patents 

3,380,831 and 3,594,410, the polymer izable vehicles dis- 

closed in U.S. Patents 4,163,809 and 4,481,258, and the 

acrylated polymer or oils, acrylic oligomers and other 

- 11 - 
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radiation curable component {b) compouacis disclosed in U.S. 
Patent 4 #360 #540* All o£ the a£oremenf: loned patents # 
descriptive of reactive diluents useful in the present 
invention r are incorporated herein by reference* 

In addition to reactivity and desired degree of 
crosslinkability, the reactive diluents will be selected on 
the basis of their solvency for the macromonomer component 
and their contribution to the viscosity of the resulting 
solutions* Generally r the less polar the reactive diluent 
the greater the solvency for the macromonomer* solvency 
and viscosity can be determined conveniently by preparing 
mixtures of macromonomer and diluent over a range of concen 
trationSf noting the clarity and compatibilities^ and 
measuring the viscosities* In those cases where solvency 
in a single diluent is insufficient # one or more other 
diluents may be added to optimize compatibility* The 
higher the molecular weight of the macromonomer the less 
soluble the macromonCTier will be in some of the reactive 
diluents* Accord inglyr molecular weight of macromonomer 
must be balanced with the ease with which solutions can be 
formed and acceptability of the resulting viscosities and 
properties relative to the specific printing application* 
If the intended printing use is web-* feed printing, for 
example f high cure rate is critical, and therefore lower 
macromonomer molecular weight, e*g*, not over about 10,000, 
alone or coupled with a high proportion of polyfunctional 
reactive diluent (e.g., over 50% by weight of the total 
diluent) may be required in order to obtain good results* 
In screen printing, however, high cure rate is not as 
important as clarity of the print i hence lesser amounts of 
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polyfunctional reactive diluent and/or higher molecular 
weight macromonomer may be acceptable. The formulator of 
radiation curable inks is well aware of all of the foregoing 
and other considerations and can make appropriate selections 
of components of the inks and proportions by routine experi* 
mentation and judgment in order to obtain a desired balance 
of properties. 

A non-reactive solvent may also be added to the 
curable compositions to provide better flow or wetting* 
The solvents may be flashed off before irradiation or left 
in the ink during the cure« Representative nonreactive 
solvents are ethyl alcohol , isopropyl alcohol* methyethyl 
ketone, dlchlorome thane and other industrial solvents. In 
some cases the solvents also impart improved abrasion 
resistance to the cured inks* 

/Depending upon the radiation source and wave-* 
length -^sed in curing the inks* the inks may also contain 
a radiation responsive free radical initiator (C)» If the 
radiation source is high energy, such as electron beam, 
little or no initiator may be required. If the radiation 
is lower energy, e.g., ultraviolet light, or if the inks 
contains components (e.g., radiation absorbers # inhibitors) 
which interfere with or block the irradiation, an initiator 
normally will be used. The amount of initiator, when 
used, and the irradiation time will be dependent on the 
type and amounts of radiation curable components in the 
ink and thickness of the ink film. For example, if the 
ink contains a high proportion of highly reactive diluents, 
the quantum and/or time of irradiation may be less. 
Generally, the sources of irradiation may be electron 
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beamSr gamma radiation emitters* carbon arcs , mercury 
vapor arcsr ultraviolet light sources such as phosphors » 
argon glow lamps and photographic flood lamps; accelerators 
including Vandergraaf and Betatron linear accelerators r 
and the like including combinations thereof* Higher 
photoinltiator concentrations or high energy irradiation, 
such as electron beams, may be required with or without an 
initiator, as the ink film increases in thickness. 

Initiators include any radiation responsive free- 
radical generating compounds known in the art for such 
purpose ff such as the UV responsive photoinitiators 
2,2-dimethoxy-2-phenyl acetophenone, 2-hydroxy-2-methyl-l- 
phenyl propan^-l-one, benzoin, benzoin methyl ether, 
Hichler's ketone diphenyldisulfide, dibenzyldisulf ide, 
benzil, benzophenone , xanthane, and various other acetophen*- 
.ones* Accelerators such as tertiary amines may also be 
added* Peroxide or Ato initiators may also be used , such 
as benzoyl peroxide or 2,2'-*azobis (isobutyronitrile), in 
conjunction with the free radical initiators* The foregoing 
and o-ther aspects of radiation curing Of polymerizable inks 
are well-known and are non-^critical to practice of the 
invention* Further details may be found in technical 
articles on the subject such as "Radiation Curing" and 
"Radiation-Cure Inks" in the Encyclopedia of Chemical 
Technology, Ed, Kirk-Othmer, 3rd Edition, Volume 19, pages 
607-624, and Volume 13, pages 385-386, respectively; 
"altraviolet Curing Ihks", J* Radiation Curing, January 1979, 
pag«s 18-'23; "Chemistry of Radiation" , American Ink Maker, 
January^ 1981^ pages 20-*26, 49; and "The Chemistry of Ultra- 
violet Cured Printing Inks", Radiation Curing, May 1979, 
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pages 14-19* These articles and citations therein are 
incorporated herein by reference. 

The colorants include pigments (both organic 
and inorganic) r dyes, color extenders, color precursors, 
color developers, color formers and thermographic additives 
known in the art. In some cases the colorants can be disper- 
sed directly in the solution of macromonomer in reactive 
diluent* In other cases, the colorant is first dispersed 
or dissolved in an organic solvent, which mixture is then 
added to the macromonomer/reactive diluent solution. Th 
amount of colorant is not critical and can be selected for 
optimum effect. However, heavily pigmented inks may require 
electron beam or other high energy irradiation for effective 
cure, and cure rate is usually slower for blue and black 
inks than for red and yellow inks, ^e to higher energy 
absorption by the former. 

The radiation curable inks of the invention are 

effective without additives. For example # a mixture of 
about 30 wt.t of a styrene-based macromonomer of about 
4^500 molecular weighty about 60 wt.% of a mixture of 
polyfunctional reactive diluent, about 5 wt.% of a photo- 
initiator and about 5% of phthalocyanine blue provides 
an excellent ink which rapidly cures upon exposure to UV 
radiation to a clear, durable, high quality print. 

Generally, the additives should be non-reactive 
with the macromonomer, i.e., will not copolymer ise therewith 
and should disperse well in the solution of macromonom r in 
reactive diluent, preferably, the additives should dissolve 
in such solution and should not Interfere in the dissolving 
of the macromonomer by th reactive diluent. 
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Useful additives include slTp modifiers, thixo- 
tropic agents r tack reducing agents, flow and other rheology 
control agents such as the solvents mentioned above r waxes, 
plasticlzerSf stabilizers such as antioxidants to increase 
shelf-lifer anti-mis ting agents, fillers such as various 
silica derivatives, the organophilic clay gellants 
described in U.S. patent 4/475,950/ opacifiers, melting 
agents and surfactants to aid in colorant dispersion, 
adhesion promoters, and others known in the art* Further- 
more, oligomeric materials other than reactive types used 
as reactive diluents may be added, as bodying agents or for 
other properties. Such materials include polyesters such 
as polyethylene polyurethanes of U.S. Patent 4,183,796, the 
acrylic acid adducts of epoxlc^ized phenolformaldehyde 
adducts, acrylic acid adducts of the diglycidyl ether of 
bisphenol A, acrylic acid adducts of soybean oil, the 

monohydroxy vinyl compouhd-epoxy adducts of U»S» Patent 

< 

4,025,548 wherein the vinyl compound may be a vinyl, allylic 
acrylic or methacrylxc material, crossllnkable oils and 
oligomers such as are described in U*S« Patent 3,912,670, 
and reaction products of 1-alkenes and cicrylic derivatives 
such as described in U.S. Patent 4,009,195. 

1?he inks are prepared in the conventional manner, 
for example by adding the colorahts# Initiator and other 
additives to the solution of macromonomer in reactive di- 
luent and then milling the mixture; under suitable conditions 
of agitation and temperature to obtain a uniform blend. 
The ink is then applied in the normal fashion to the sub- 

■ * * * 

, ■ " • • • ■ • ■ ' 

strate to be printed, such as paper, resin-coated paper, 

foil, metal, plastic films and sheeting, using screen- 
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printing, webfeeds, stamping or any other of the many 
well-known printing techniquest Upon radiation curing 
(simultaneously with or after printing) and depending on 
the type and proportions of the primary components and 
special additives, highly durable (rub, scuff and chemically 
resistant) print and coloration are obtained ^ at controll- 
able cure rate and high production speed # and usually at 
ambient temperatures* 

When using the printing inks of the invention, dry 
trapping ability (improved print quality and color develop- 
ment) is exhibited without the polluting and adhesive cost 
consequences of organic solvents, and the inks are press 
stable (remain liquid for indefinite periods). Moreover, 
the inks provide the capability of printing heat sensitive 
substrates (since little heat is generated during radiation 
curing) and the resulting print is high quality with 
improved' r^k holdout and sharper indicia format or dots. 

The combination of high molecular weight and 
low reactive functionality o£ the macromonomer component 
offers the unique advantages of reduced shrinkage of the 
total ink composition upon cure and greatly enhanced 
adhesion to the substrate being printed* The reduced 
shrinkage results in lower stresses and strains at the 
bonding interface to which inks containing the macromjpnomers 
of the present invention are subject during the radiation 
curing process, as compared with other known radiation 
curable inks* 

The following example will serve to illustrate 
the invention, but it is understood that this example as 
well as other embodiments set forth in this specification 
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are merely representative of the invention and do not 
necessarily limit the scope thereof. In the example and. 
throughout the specification and claims^ all parts and 
percentages are by weight unless otherwise expressly stated. 

MACROMONOMSR PRSPARATIOH 

A glass and stainless steel reactor was charged 
with 1100 grams of cyclohexane (pre-dried over molecular 
sieves) and 400 grams of styrene purified over activated 
alumina. The reactor temperature was raised to 70^C and 
s--batyilithium solution (1»4K in cyclohexane) was slowly 
added until a persistant light reddish-orange color was 
obtained. An additional 100 ml {0.140 moles) of s-butyl- 
lithium was Immediately added. Styrene was then pumped 
into the reactor for 30 minutes until a total of 1820 grams 
had been added* The temperature was maintained at 70 ''C for 
30 minutes and then 12.3 grams of ethylene oxide {0.23 
moles) was added causing the solution to become colorless* 
TO the resulting solution was added 16.1 grams (0.154 
moles) of methacryloyl chloride to give upon removal of 
cyclohexane a macromolecular monomer of 13,000 molecular 
weight, measured by GPC, having the following structural 
formula: 





0 
It 



CH3CH2CH — f— CH2 CH —4- CH2CH20-CC=CH2 

CH3 \ ^ ^ / CH3 



a value such that the molecular weight is 
13r000. ^1 the following formulation this macrbmonomer 
after purification as described below is identified as 
Macromonomer A. 

In a similar synthesis, a macromonomer of the 
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same structure was^pr^sax^d but having a molecular weight, 
measured by GPCi 45QQ^^his macromonomer after purifi- 
cation as described below is designated Macromonomer B in 
the following formulations. 

Lithium chloride causes cloudiness in toluene 
solutions when the macromonomer is redissolved. The macro- 
monomer product of each synthesis is therefore purified by 
dissolving solid macromonomer in toluene to form a 40 
percent by weight solution* This solution is filtered 
through a half-inch bed of Celite 545 filter aid (Fisher) 
using water aspiraton suction,. The filtered toluene/ 
Macromonomer solution is reprecipitated into excess 
methanol and vacuum dried « Chloride content is decreased 
froi 

to 60 ppm by this filtering operation* 

•EXAMPLE 



mol and vacuum dried* Chloride content is decreased 
7000 ppm to 460 ppm and lithium content from 487 ppm 



^e following formulations (l>r (2) and (3) were 
prepared based on Macromonomer A or Bs 

Formulation - WT* % 





(1) 


(2) 


<3) 


(4) 


Naerononomer A 




30 




18 


Hacromonomer B 


32 




32 


12 


lf6-hexane diol diacrylate 


40 


20 




12 


trimethylolpropane triacrylate 


13 


39.fi 


ss 


48 


Irgacure SOO^ photoinltiator 


5 


5 


s 


5 


phthalocyanine blue 


10 


5.4 


8 


5 




TO 


Ibo 


I5o 


leys' 



1:1 bensophenone t 1-hydroxycyclohexylphenyl ketone (Ciba^ 
Geigy Corp) 

The formulations were each printed onto glass. 
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metal and polyvinyl chloride tile substrates using a rubber 
stamp in one test series and a stencil in a second test 
series. The prints were then exposed to ultraviolet light 
from a medium pressure mercury arc lamp. Cure was essen** 
tially instantaneous. Good quality, strongly adherent, 
hard and durable prints were obtained which exhibited 
excellent resistance to smudging, peeling and organic 
solvents. 



CLAIMS t 
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1* A radiation curable printing inlc comprising a 

* 

mixture oft 

(A) about 5-80% by weight, of a thermoplastic 
macromonomer o£ the formulas 

wherein R is a hydrocarbon group contain- 
ing up to about 20 carbon atoms « Z is a 
vinyl aromatic monomer , n is a positive 
integer such that the number average 
molecular weight of is about 2,000- 
50#000# and X is a polymer:llsable . 
ethylenically unsaturated end group; 

(B) about 20-95% by weight of a free radical 
polymer i sable reactfve diluent of which 
at least 10% by weight is a polyethylen- 

* 

ically unsaturated material 1 

(C) 0 to about 20% by weight of a radiation 
responsive free radical initiator; and 

(D) an effective anount of a colorant* 
2, The ink of claim 1 wherein* in the 

formula RfZ^n Xf X is selected tromt 



-♦-R'-0»-y C-C-CH2 

R" 
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-HCpH2p-i-C»CH2 

I 

R" 

0 

m 

-CH2C {C6H5)2-CH2-C-0-CH « CH2 

-CH2C6H4 CH « CH2 and 

O O 
-CH2CH2O-C-CH » CH-C-OH 

Wherein R' is phenylethylene or C^i H2ai# m is 2r 3# or 4f p 

■ " '* . '' ' 
is a positive integer of from 2 to y is a positive 

integer of from 1 to 50 # and R" is hydrogen or lower alkyl, 

3. The ink of claim 1 wherein, in the 

£ormula R4-Z^-«X, R is lower alkyl, Z is phenylethylene 

o 

It 

and X is -CB2CH2OCC « CH2 where R" is hydrogen or methyl. 

i ■ • ■• ■ 

R" 

A 9 The ink of any one of claims 1 to 3 wherein the amount 

of (C) is about 5 to about 15%. 

... 

5 m The ink of any one of claims 1 to 4 wherein the pre- 

R . - ' » ' ' • " 

dominant portion of (B) is a polyethylenically unsaturated 

... - • . . . 

material* 

6. The ink of claim 5 wherein said poly- 
ethylenically unsaturated material is selected from 

■ 

an alkane diol diacrylate, an aliphatic polyacrylate, an 
alkoxylated aliphatic polyacrylate, a polyether glycol 
diacrylate and mixtures thereof. 
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7. The ink of claim 5 or claim 6 wherein the amount of (A) is 
about 10-50% by wei^t and the amount of (B) is about 50-90% by weight* 

8. The ink of any one of claims 1 to 7 wherein the amount of (D) 
is about 1-30% by weigjit* 

9. The ink of any one of claims 1 to 7 wherein the colorant (D) 
is a pigment in an amoiant of about 10-25% by weight. 

10. A printing process wherein coloration or indicia are established 
with an ink on an ink receptive substrate and the inked coloration or 
indicia are then subjected to actinic radiation, and in which the ink 
comprises a composition as claimed in any one of claims 1 to 9* 



